



氏 名 KARADAG Burak 
  
学 位 （専 攻 分 野） 博士（工学） 
 
学 位 記 番 号 総研大甲第 1988 号 
  
学位授与の日付 平成 30 年 3 月２3 日 
 
学位授与の要件 物理科学研究科 宇宙科学専攻 
 学位規則第６条第１項該当 
 
学 位 論 文 題 目 External Discharge Plasma Thruster 
 
論 文 審 査 委 員 主  査 教授 小紫 公也 東京大学 大学院 
工学系研究科 
  准教授 船木 一幸 
  准教授 篠原 育 
  准教授 西山 和孝 
  教授 宮坂 武志 岐阜大学 工学部 
   
   
                       
                       





(Separate Form 2) 
論文の要旨  
Summary (Abstract) of doctoral thesis contents 
 
An external discharge plasma thruster (XPT), a prototype of alternative low power 
Hall thruster, which produces and sustains plasma discharge completely outside a 
non-anodic cavity, was proposed in order to address efficient scaling down and 
lifetime problems of low power Hall thrusters. XPT is the first Hall thruster that 
operates without any annular or cylindrical discharge channel walls. In particular, it is 
expected to operate in very low power regime where conventional Hall thrusters 
cannot prevent high ion/electron losses to the channel walls. Design details and key 
physics of this novel Hall thruster were described, and action items for improving 
thrust performance are presented.  
To validate a fully kinetic particle code, and to investigate the importance of 
uncertainties associated to physical parameters a sensitivity analysis was conducted. A 
500W-class laboratory model magnetic-layer Hall thruster was used as the testbed. 
The sensitivities of the physical parameters, including thermal accommodation 
coefficient, anode/wall temperature, Bohm diffusion coefficient, electron injection 
current, cathode coupling voltage, and background pressure, were quantified 
one-by-one on a conservative possible range. The results suggest the wall erosion 
prediction is more sensitive to the physical parameters than the thrust or the discharge 
current. Among the physical parameters, sensitivity to the Bohm diffusion coefficient 
and parameters related to the neutral flow (i.e., thermal accommodation coefficient 
and anode/wall temperatures) were dominant. It was hence found that uncertainties in 
the physical parameters related to the neutral flow had comparable influence on the 
Bohm diffusion coefficient despite the low attention they attracted. 
XPT was simulated by the fully kinetic particle code, and the sensitivity analysis 
methodology was applied to determine upper and lower bounds for estimated thrust 
performance. Numerical results suggested that XPT can be as much efficient as 
conventional Hall thrusters of the same power range, which prompted us to 
manufacture the thruster and perform experimental investigation to verify numerical 
simulations.  
Experiment results showed that XPT has similar discharge characteristics with SPT. 
The thrust and the anode specific impulse ranged from 1.6 to 17.9 mN, and from 352 
to 1276 sec respectively at anode potentials of 150-200-250 V with anode mass flow 
rates of 0.48-0.95-1.43 mg/s. The anode efficiency ranged from 6.7 to 26.8 % at 
discharge powers from 43 to 418 W. Performance of XPT is comparable to SPT at the 
same power level. Significantly, stable operation (Δ<0.2) was possible over wide 
range of operational conditions. These results supported the conclusion made from the 
numerical study.  
XPT does not possess an annular discharge channel or a cylindrical one and working 
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gas is allowed to expand into vacuum right after leaving anode. It might be considered 
that such a “cavity-less plasma thruster” would have very low plume divergence 
efficiency and mass utilization efficiency since neutral particles migrate away from 
the anode surface in all directions when sidewalls are absent. Therefore, farfield ion 
current density measurements were taken to find out plume divergence through 
sweeping a nude Faraday probe in the radial direction at fixed axial distances. Ion 
current density profiles revealed that ion beams are collimated and plumes have 
Gaussian distributions. The charged-weighted divergence angles were essentially 
similar to those of typical Hall thrusters and varied from 34 to 51 degrees. Mass 
utilization efficiencies ranged from 28 to 62%.  
XPT has four slots on the anode to inject neutrals and this non-uniform injection 
scheme leads to bright and dark regions in the plume. The bright regions are formed 
along the anode slots and the light intensity is stronger at the slot center. Thus, one 
can expect that plasma density in the dark regions where there are flat head screws 
will be significantly lower than of the bright regions due to higher neutral density. To 
examine this phenomenon, the near field plume of XPT was mapped using double 
Langmuir probe method. Plasma density and electron temperature were measured in 
the radial, axial and azimuthal directions at anode potentials of 150, 200, and 250 V 
and mass flow rates of 0.95 and 1.43 mg/s. Plasma densities and electron temperatures 
were found to reach 6x1018 m-3 and 15 eV respectively. These values are 
substantially higher than conventional Hall thrusters, which explain why our thruster 
is as efficient as conventional ones even without a physical ionization chamber. The 
2D maps of ion number density revealed an interesting result that the darks regions 
can have as much plasma density as the bright regions. The effect of the cathode 
position was also examined, and it was understood that plasma density, and Br profile 
are correlated, and that even very small non-uniformity of the radial magnetic field 
strength in the azimuthal direction has significant influence on plasma density 
distribution. 
Overall results question the necessity of discharge channel walls or guard rings, and 
provide a successful proof of concept experiment of XPT. Proof-of-concept study was 
completed, but further study is required to enhance thrust performance of XPT. 
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ている。以上のコンセプトを数値シミュレーションにて確認後、50W から最大で 500W まで
の投入電力領域にて、XPT スラスタを試作して試験したところ、典型的な 250W 動作では、
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う、新しい低電力ホールスラスタコンセプトであることから、極めて独創性が高く、かつ、
将来の同スラスタ実現に向けて有益な結論が得られている。更に、本論文の主な部分は、
査読付き学術雑誌 1 篇として掲載済であり、また、2 篇についても投稿・審査中である。
以上の結果を踏まえ、本論文は、博士論文として充分な学術水準に達していると判定した。	
	
	 申請者の学力に関しては、予備審査および本審査において口述試験を実施した。その結
果、博士論文に関連した宇宙推進工学・プラズマ工学等の専門分野、および、関連する基
礎分野について、申請者が充分な学識を持っていることを確認した。また、英語の能力に
ついては、申請者が既に国際誌に投稿して掲載済み論文があることに加え、複数の国際学
会発表を経験していること、博士論文本文も明快な英語で記載されていることから、充分
な英語力があると判断された。	
	 更には、出願者の在学期間、単位取得状況等についても、疑義は無く、博士論文審査の
出願資格を満たしていることから、審査委員全員一致で合格と判断した。	
	
